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BACKGROUND 1. 
Optometric examinations were performed at the Quinault, Colville 
and Chehalis Indian reservations, all of which are located in the 
state of Washington, Although not all of the many reservations in 
the state are included in this study, there is a good cross-sectional 
population. The Quinault reservation is located on the coast of 
Washington and is mainly dependent upon its lumber and fishing in-
dustries, The Chehalis reservation, while also in western Washington, 
is a smaller, inland reservation relying more on outside employment. 
The largest reservation of the three in terms of area, Colville is 
also the most cosmopolitan, 
The e,xaminations included refractio,n, analytical findings, 
biomicroscopy and, for individuals forty and over, tonometry, These 
examinations were performed, under faculty supervislon, by fourth-
year interns participating in Pacific University's Indian Health 
Service externship program, The equipment consisted of1 a 
keratometer, projector with accessory slides, phoropter, standardized 
near point cards, retinoscope, ophthalmoscope, stereoscope and a 
biomicroscope. 
A total of 345 patients were examined between June 1979 and 
mid-October 1979, 'rhe ancestry of all the patients was such that 
they were eligible for care through the Indian Health Service, All 
patients were required to sign a release form (Appendix A-1), After 
completion of the individual examination and case analysis, data 
for this study was recorded on a standardized form (Appendix A-2), 
The raw data obtained from the record form was transfered onto 
computer opti-scan sheets (Appendix A-3) for eventual computer 
data processing. 
FINDINGS 
After the raw data was tabulated, the findings were reduced 
using only right eye data where applicable. Data was further 
reduced into ten categories selected by the authors. Unless 
specified, a total of 345 patients were involved in the various 
categories of this study, Data comparisons were done by sex and 
age, 
Ref~active Error, The mean spherical correction for the 
Washington Indian population was -0.41 diopters. There is 
essentially no difference between the mean spherical refractions 
of the male and female populations (x males -0.40 diopters, x 
females -0,41 diopters). The mean spherical correction varied 
with age, starting at a hyperopic mean which goes into myopia and 
later goes back into hyperopia, (Figure 1) 
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FIGURE 1 IV:ean Spherical Refraction by age 
The mean corneal astigmatism for the Washington Indian 
population was 0,99 diopters, The mean refractive astigmatism 
2, 
for the Indian population was 0.71 diopters. The mean corneal 
.and refractive astigmatism does not appear to vary by age or sex. 
The only age group which varied considerably from the population 
mean was the 30-39 age group. This was due to five individuals 
with greater than 3.00 diopters of astigmatism, (Table 1) 
Mean 
corneal 
cylinder 
(diopters) 
Mean 
refractive 
cylinder 
(diopters) 
Total Males Females 0-9 10-19 20-2_2 30-39 40-42 52.:5..2 60-62 70 & up 
0.99 1.06 0,95 1,00 o.87 1.08 1,51 o,88 0,79 o,81 0,77 
o. 71 0,77 0,67 0,71 0,52 0,62 1,19 o.68 0.56 0,79 0,93 
Table 1 Mean Corneal & Refractive Astigmatism 
in diopters by age 
Muopia, Myopia represented the largest percentage of 
spherical refractive error. (Figure 2) Within the population 
there is no apparent difference due to sex, Myopic males comprise 
40.3% of the male population and myopic females comprises 39,9% 
of the female population. 
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FIGURE 2 Prevalence of Spherical Refractive Error 
With respect to age, the percentage of myopic patients 
increased up to age 30, dropped slightly to age 50, and then 
J. 
·------~- --------------- ____________ _, 
! 
declined significantly. ( F'igure 3) The sharpest increase in the 
·prevalence of myopia was between the 0-9 and 10-19 age groups, 
however, the 20-29 age group had the highest percentage of myopes, 
60.0%. 
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FIGURE J Prevalence of Myopia with age 
l: 
Approximately 42% of the Washington Indian population wear-
ing corrective lenses were myopic, The prevalence of myopia by 
age follows a pattern similar to that of the total Washington 
Indian population, (Figure J) 
' 
Hyperopia, Hyperopia had the lowest prevalence of refractive 
error, comprising 28.9% of the JJ2 patient population, The male 
population had a lower percentage of hyperopic patients ( 2J ,14-%) 
than emmetropic patients (J6,J%). On the other hand, the female 
population exhibited a reverse relationship, having J2,2% hyperopes 
and 27.9% emmetropes. The prevalence of hyperopia by age groups 
showed and inverse relationship with the prevalence of myopia in 
the same age groups. The percentage of hyperopes decreased with 
age until age JO and increased gradually until age 50, The 
pervalence of hyperopia increased dramatically after 50 years. 
(Figure 4) 
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FIGURE 4 Prevalence of Hyperopia with age 
60-69 70+ 
With respect to age, the prevalence of hyperopia in the 
Washington Indian population wearing corrective lenses follows 
the same pattern as the total Indian population, (Figure 4) 
Astigmatism, '.l'he majority of the population showed low amounts 
of corneal and refractive astigmatism, Corneal measurements of 0.99 
diopters of cylinder or less were found in 50,3% of the 302 patients 
measured and refractive measurements of astigmatism of 0,99 diopters 
or less were found in 70,5% of the 332 patients refracted. The pre-
valence or amount of corneal or refractive cylinder does not appear 
to vary by age or sex, (Table 2) 
Diopters of 
Astigmatism Total Males Females -9..::2_ 10-19. 20-29 30-39 !±9..:..4:.2 i9..:.2.2 60-62 70 & up 
Corneal 
0-0;9 50,3% 47,8% 51,9% 58,3% 55,6% lf0,4% 27,CJfo 58.3;6 55,3;1> 71,4;'6 61,5;o 
1,0-1, 9 36,1% 3il.1% 34. 9% 3J.3% 32.1% lfil,1;6 46,5'}6 27,8;6 37.9;6 19,0;6 38,5j. 
2,0-3,0 8.3% il,0% fJ, 5% 11+. fl% 8, 6;i> 7,7;6 11.7J> il,J)b J,4)6 4-.8% 0,0% 
3, 1 & up 2!.~ Too% 6,1% 4.7% J.6',b J.7% 3.8;6 lJ.9;6 5, 6J; 3.4% 4.8% O,Ofo 
Refractive 
0-0.9 70. 5% 71 • cr;b 70,2% 75.0% il2,il% 69,1% 56,8% 80.5% 70.6% 57.8% 42 ,4)6 
1.0-1,9 19. 9% 16,1% 22 ,1% 12.5% 10,lf% 25.5% 22,7% 12,2% 23,5% 34.6% 38,1% 
2.0-3,0 5.7% 9.7% 3.4% 8.3% 3, 1+;6 J.6% 9.1% 2 .4/6 5. 91- 3. il;D 19,0% 
3 ,1 & up 
..J....2'k. 
100% 
3 ,2;6 4.3% 4.2;/> 3• 1>fa 1,8% 11,4·% 4. 9,i> 0.0% 3.El;b 0,0% 
-~-~-~--
-r ...... -
'· 
' . 
l 
i 
As expected, the majority of the Washington Indian population 
with astigmatism were with-the-rule (cylinder axis o0 to Jo0 or 
1500 to 180°). Al though no observations of differences due to sex 
6, 
were made, age appeared to be a factor in axis orientation. Past 
age LfO, the percentage of subjects with against-the-rule astigma-
tism increased and the percentage of with-the-rule astigmats 
decreased, (Table J) 
Age 
Cylinder axis Total Mal~ Females 0-9 10-19 20-29 J0-39 4-0-119 50-59 60-69 70 & up 
00~30°. 1500-
1800 (WTR) 52,5), 62,2j, 116,2/, ?2,7% 55,2j, 63,6), 70,5fo lj6,}fo J5,3j, 23,l;& 19,0% 
60°-120° 
(ATR) 20,0fo 18,lfo 21,lj, 6,l;l 11,5)\ 12,7fo 9,lfo 17.lfo 20,6;'6 61,5/b 71,1-1-fa 
30°-60°. 120°-
1500(obliquo) J,7), J.9% J.7i" O,Oj, 1,1;1> o,oj, 1+,5;6 12,2/o 8.8,h J.8,'.b 4,8fo 
Spherical ll.8)§ 15,8,6 28.5fo 2l,2fo J2,2;6 2J,7/b 15,9,1> 24,41> 35,3·;1> 11,6;o 4,8fo 
100% 
WTR=wi th-the--rule astigmatism ATR=against-the-rule astigmatism 
TABLE J Cylinder axis 
Visual Acuity. The habitual acuities at far equalled or 
surpassed the 20/JO level for 81,7% of the population, and, at 
near (40 cm), 8J.2% of the population. At both distances the per-
centage of females with 20/JO acuity or better was slightly lower 
than for males, As expected, acuity did vary by age, Habitual 
distant acuity of' 20/JO or better dropped steadily after age 60, 
and acuity at near dropped steadily after age 40, (Table 4) 
Age 
Acuity level ~1 Xale.E_ Fe.tlBk'!. _Q:J_ 10-19 20-2.,2 J..9:12 !±O-L19 5.Q.=.52 60-69 70 & up 
Far 
20/JO and 81,7% 86,2;:6 79,1;'6 93.9% 81,4)\ 81,8% 811,8% 90,6% 91,2;6 73,0fo 39.1% 
above 
20/110 to 10,1% 6.9% 12.1,;; 6,1% a.1% 5,5';6 6,_5fo l1,7fo ),9fo 19.2)1 47.ilfo 
20/60 
20/70 or 8,2% 6,9/, 8,ilfo o,o;v, 10,5;1> 12,7% 13,7% 11,7j, 2,9fo 7,il'fo 1J,1fo 
below 
Near 
20/JO and 
above 
20/40 to 
20/60 
20/70 or 
below 
83,2% 86,9;1> 80,9)6 93.9fo 97.7fo 91-1,6')6 91,Jfo 7J,8'fo 611,?fo 69,2fo J0,4';o 
12,l;b 10,fJ;b 11+,4'ib 6,1% 2,J;i> 5.4;1> 6,'j';b 19,0;6 29,lffo 15.4/b 56,5-;b 
J.71> 2,3;1> 4.?;b a.ox, 0.01> o.o;b 2,2')6 7,2'fo 5,9_.; 15,1-1/b 1J,1/b 
TABLE 4 ){abitual Visual Acuities 
-prevalence of acuity levels 
As expected, corrective lenses increased the acuity levels 7. 
for all ages, All age groups, with the exception of the 70 years 
and above group, had at least 95% with corrected acuity of 20/JO 
or better at both far and near. (Table 5) 
Age 
Acuity level Total Ma.Jes Female~ _.Q.:L. 10.::!.2 20-29 30-}9 40-1+9 .5Q;:jJ_ 60-69 ~..ill?. 
Far 
20/30 and 95,o·;t, 96,9% 91,,0% 97.0fo 100% iOOfo 1oo:;o 95,2j, too;i, 96,2;;. 4J,5% 
above 
20/40 to lf,1% 2,Jfo 5,1.fo J,Ojii 0,0% 0,0fo 0,0fo 2,lrfo O,Ofo J,8fa 47,81' 
20/60 
20/70 or 0,9fo 0,8;6 0,9}1> 0,0;i, o.o·)b O,O;i, O,O;b 2,4% O,O'fo O,Ofo 8,7% 
below 
Near 
20/JO and 95.4% 96.9% 9LJ.,lf% 97.0fo 100% 
above 
100% 97.8% 97.6% 100% 96,2;. 47,81' 
20/l.O to J.8% 
20/60 
J.1% lf,2% ),OJ, 0,0fo 0,0% O,Ofo 2,4fo o.o;b J,iljb 43. 5'1> 
20/70 or 0,8% o. 0'% l, l.f'% o.o;i, o.o;b 
below 
o.o/i> 2,2'fo O,Ofo O,Ofo 0 ,Oji> 8,7fo 
TABLE 5 Maximum Visual Acuity (prevalence) 
Pathology, Ocular pathology was observed in Jl,6% o:f the 
Washington Indian population, Cataracts were the most common type 
of pathology, accounting for 26,6% of all pathologies observed, 
Conjunctivitis, corneal opacities and/or scarring, pingueculae 
and pterygiae accounted for J2,1% of the observable pathology, 
Pathology was more frequen·tly detected on the two inland reserva-
tions than on the Quinault Reservation. However, the percentage 
of patients with observable pathologies that required referral 
was higher for the Quinault Reservation. (Table 6) 
, I 
'' 
S,uinault Colville 
tl. 
Chehalis Total 
0njunctivitis 11 l 1 lJ "1, 'r'S 
·1epharitis 2 2 0 4 I,' 
ataracts 11~ 10 5 29 .( r ! 
enile Macular Degeneration 1 5 1 7 ) 1 'J 
orneal Scarring/Opacities 6 3 2 11 
rusen 4 1 J 8 ) ' '!, 
ypertensive Retinopathy 2 5 3 10 ) --r iabetic Retinopathy 2 0 1 3 'J q (. ' itreous Floaters 2 5 2 9 
·) I ~~~ 
stroid Hyalosis 3 0 0 3 •,°' ingueculae/Pterygium 4 7 0 11 
ry Eye Syndrome 4 3 1 8 
ests Disease 3 0 0 3 
., etached Retina l 0 0 1 :! 
"· 
•etini tis Pigrnentosa l 0 0 1 
oxoplasmosis/Histoplasmosis 1 0 0 1 
rachoma 0 l 0 l -i, 
·ther 13 7 5 25 \;;~~ 
ubjects with Pathology 
,J (% in parenthesis) 
54(23.8%) 38(47.5%) 17(44.7%)109(31.6%) 
~ i 
;: 
i' 
TABLE 6 Observable Pathologies of the 
Washington Indian population 
/\.!; J<.1s·.1 
Out of the total population 10.7% were referred due to 
observable pathology, This group represented 33,9% of the patients 
with observable pathology, Referrals to private ophthalmologists 
were the most numerous, accounting for 43.3% of all referrals. 
(Table 7) 
j~thology Referrals guinault Colville Chehalis Total 
~ivate Ophthalmologist 8 (JJ,J%) 6 (75%) 2 (40%) 16 (4J.2%) 
~blic Heal th Service Hosp, 8 (J3.J%) 0 (0%) 3 ~60%) 11 (29.7%) ~serv ition Clinic 8 (JJ,J%) 2 (25%) 0 0%) 10 (27.1%) )Referred for Pathology 44,4% 21.1% 29.4% JJ.9% 
j(% of subjects with Path of some kind) 
!Referred for Pathology 10,6% 10.0% 13.2% 10.7% 
)(% of subjects referred from total pop,) 
TABLE 7 Pathology Referrals 
Strabismus, A total of four patients (1,2) were found to be 
strabismic. One individual was exotropic and three were esotropic. 
With respect to the three esotropes, one was an intermittant 
alternating esotrope, one was an accomodative esotrope and the 
other was unspecified, 
Presbyopia. Some degree of presbyopia was found in JJ,6% of 
the population examined. First noted in the JO-J9 age group, all 
patients were presbyopic by age 60, (Figure 5), 
Percent 
j of total 
J. 0 pulation 
j 
100 
80 
60 
20 
,--
I 
o -·· ------------==--t ___ L_ .,--,,.-'---'--, ·--,..~.J __ .. 
0··29 30-39 4-0-49 50-59 60-69 70 & up 
Age 
FIGURE 5 Prevalence of Presbyopia with age 
Amblyopia, Only two cases of amblyopia were found in the 
total population examined (0,6%). 
Phorias. Nearly 70% of the 292 Washington Indian patients 
examined were orthophoric at distance, The mean phorias of the 
different age groups ranged from 0,39 prism diopters of exophoria 
to O,J6 prism diopters of esophoria, 
At forty centimeters, the majority of the 29J patients 
exhibited 2-6 prism diopters of exophoria with a mean of 5,21 
prism diopters, An increase in exophoria at near with age was 
found, increasing from a mean phoria of 2.J5 prism diopters of 
exophoria in the 0-9 age group to 7.14 prism diopters of exophoria 
in the 60-69 age group. (Figure 6) 
9. 
!1 
I 
'I Ii 
I 1! 
'',\· I 
1: 
I' 
-,,-
;; 
,, 
8 
6 
Prism 4 
dj_opters 
2 
exo 
¢ 
eso 
/ 
~ 
0 
/ 
/ 
10 20 JO 
•--·Di stance phoria 
~-Near phoria 
110 
Ago 
50 --------(,o 70 80+ 
FIGURE 6 Far and Near Phorias with age 
Therapy. A previous prescription was worn or new corrective 
lenses were prescribed for 76.)% of the J45 patients examined. 
Corrective lenses were ordered for 60.J% of the total population. 
This includes first prescriptions, a change in prescriptions or 
" replacement of damaged or lost prescriptions, No change in 
prescription was prescribed for 16.2% of the total population. 
There was a substantial increase in patients who needed a 
correction in the 10-19 age group, frequently for correction of 
myopia, The percentage of corrections needed gradually increased 
after age 19, leveling off at age 40 with approximately 90% of 
the older age gro~p populations needing correction, (Table 8) 
Age 
10. 
precription Total Males Females .J!=.2_ 10-12 20-29 30-')2 40-1<2 50-59. 60-69 70 & up 
First 
Change of 22,3% 20,8% 23,J% 
Replace 12,2% 10,8% 1J,O% 
No Change 16,2% 10,8% 19.5% 
3,0% 4.7% 20,0% 10,9fa 38.lfo 1+4,1% 65.4% J4,8fo 
o.o% 10.5% 23,6% 2i,7jb 1t.9% 2.9fo 7,7f> 8,7;o 
0.0% 8,1% 16,4% 28,J% 9.5% 20,6'.'/> 26.9:0 39.1;1> 
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DISCUSSION 
The discussion contains two comparisons; the first is a 
comparison between the Washington Indian population studied and 
the general u.s. population; the second is a comparison between 
previous Indian population findings and the findings for the 
Indian population of this study, 
When comparing results between the National Center for Health 
Statistics for the U.S. population and the Washington reservation 
population, differences were noted in the prevalence of refractive 
cylinder and myopia, The Indian population had a smaller pre-
valence of myopia and a greater prevalence of refractive cylinder. 
Simularities exist for hyperopia prevalence and visual acuity 
levels. Hyperopic prescriptions accounted for a slightly greater 
portion of the Indians than for the U.S. population. The per-
centage of Indian individuals at specified acuity levels closely 
parallels that of the U.S. citizens. No conclusion can be made 
with respect to therapy since the data collection procedures of 
the National Center of Health Statistics differed with our pro-
cedures. 
Comparisgn of the Washington Indian population with the general 
U.§. population 
Myopia, A considerable difference is noted in the prevalence 
of myopia corrections by age group with the U.S. population having 
the greater prevalence. 
According to the National Center for Health Statistics, 
47,6% of the total U.S. population wearing corrective lenses were 
myopic. The percentage of individuals corrected for myopia in-
creased from J8,4% in the 4-5 age group to 87.1% in the 12-17 age 
group, After this age, the percentage of myopic corrections 
11. 
I' 
I 
11: ,,
decreased steadily, with only lq.,9% of the 65-74 age group wear-
ing such corrections ,1 (Figure ?) 
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FIGURE 7 Myopia by age 
A lower percentage of Indians in our study wear myopic correct-
ions (42,L~%), but the prevalence of myopia follows a similar 
pattern to the U.S. population, (Figure 7) Only 11.0% of the 
0-9 age group wore myopic prescriptions. 'rhe percentage increases, 
reaching a maximum of 61.7% prevalence in the 20-29 age group, 
After this age, a decrease is observed until age 50, 
Hyperopia, No relative difference is noted in the prevelance 
of hyperopic corrections by age. 
Corrective lenses for hyperopia are worn by 46.6% of the U.S. 
population who wear corrective lenses.''· Hyperopia decreased with 
age 1 dropping from 58. S~G prevalence in the 4-5 age group to 10. 2% 
in the 12-17 age group. After this age, a gradual increase in 
hyperopic corrections is observed until reaching a maximum of 
79.9% prevalence in the 65-74 age group.2 (Figure 8) 
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A smiliar percentage of the Indian population wear correct-
ive lenses for hyperopia (48.5%) and exhibits a similar pattern of 
variance exists by age group. (Figure 8 ) Hyperopia decreased from 
56% for the 0-9 age group to 19% for the 20-29 age group and then 
increases to approximately 77% for the age group 50 years and older, 
Refractive Cylinder. The prevalence of refractive cylinder is 
i higher at all age groups for the Indian population. 
i 
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Approximately 63% of' the U. S, population studied, those wear-
ing corrective lenses1 had some amount of cylinder in the correction, 
There was little variation in cylinder with age, ranging from 54,J% 
in the 6-11 age group to 70.2% in the 4-5 age group) (Figure 9 ) 
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For the Indian population wearing corrective lenses, 76,5% 
had some form of cylindrical correction. The prevalence, as in 
the u.s. population, varies only moderately with age, ranging from 
66% in the 50-59 age group to 92% in the 60-69 age group. (Figure 9 } 
Visual Acuity, A close parallel exists between the Washington 
Indian population and the general U.S. population .for visual acuity, 
Until age 65 a visual acuity level of 20/30 or better could 
be achieved by over 90% of the U,S, population, After age 65 the 
percentage of individuals able to reach this level decreases to 
78.4%. Even with this decrease, 95.4% of the total U.S. population 
level. 4 (Figure 10} can obtain or surpass the 20/30 acuity 
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FIGURE 10 Visual Acuity 20/30 or better by age 
As expected, in the latter years when fewer patients can 
attain the 20/JO acuity level the percentage of individuals at 
( lower acuity levels increases. The percentage of the u.s. popul-
ation attaining 20/40 to 20/60 vision increases from age 55, where 
7.5% are at this level, to the 65-74 age group, where 19% are at 
the 20/40 to 20/60 level. (Figure 11 } Virtually no individuals 
were unable to attain 20/60 acuity or better until age 65, After 
this age the percentage of individuals with 20/70 acuity or less 
I 
!• 
l 
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'~ 
increases 5 to 2.6%. (Figure 12) 
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FIGURE 12 Visual Acuity 20/70 or worse by age 
The Washington Indian population follows the same pattern as 
the U.S. population. The 20/30 acuity level was reached or sur-
passed in 95% of the total Indian population, All age groups 
had at least 95% of their population with 20/30 acuity or better 
until age 70 and older. A dramatic decrease in acuity in the 70 
and older group brought the percentage of patients with 20/30 
acuity down to 43.5% of the group. (Figure 10 ) 
l 
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The percentage of individuals with 20/40 to 20/60 acuity 
increased slightly in the 60-69 age group. At ages 70 and over 
the prevalence rose sharply from 3,8% to 47.8%, a 44% increase, 
(Figure 11 ) The percentage of individuals with poor acuity 
(20/70 or less) remained at or near zero until after age 69, where 
8.7% of the 70 year and over group could achieve no better than 
20/70 acuity, (Figure 12 ) 
Therapy. No firm conclusions can be drawn about therapy due 
to differences between this study and the National Center for 
Health Statistics study, 
16. 
A simularity exists between the Indian population wearing 
corrective lenses prior to examination and the U.S. population 
reported by the National Center for Heal th Statistics. '.l'he per-
centage of the Indian population wearing corrective lenses after 
examination is much higher than the U.S. population wearing correct-
ive lenses. However, one cannot conclude if this difference is 
significant because the National Center for Health Statistics 
data does not take into account the population that need correct-
ive lenses but are not currently wearing lenses, 
Statistics on the U.S. population show a gradual, steady 
increase by age in the percentage of individuals wearing correct-
ive lenses. (Figure 13) At ages 6-11, 11.8% wore corrective 
lenses, The maximum percentage of individuals wearing corrective 
lenses, 94,1% was found in the 65-74 age group, 6 
The percentage of Indians wearing corrective lenses increased 
gradually as well. Between the ages 0-9 to ages 20-29 the pre-
valence increased from 3% to 60%. There was little deviance from 
the 60% prevalence level until age 50, when the percentage of 
! patients wearing corrective lenses began to increase. The increase 
j reached a maximum of 100% in the 60-69 age group, with a drop to 
I 
82,6% in the 70 and over group. (Figure lJ) 
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Simularities between the Washington Indians examined and 
Indian populations previously studied exists in prevalence and 
degree of myopia and hyperopia, and in the prevalence of corneal 
astigmatism, refractive astigmatism, pathology and presbyopia. 
A noticeable difference from previous studies was found for the 
mean corneal astigmatism, the mean refractive astigmatism and 
the means of the far and near phorias. The prevalence of 
stabismus and arnblyopia was noticeably lower among the Washington 
Indian population. 
Comparison of the Washing!on 1Ddian population with previously 
studied Indian populations 
The populations of previous studies include both clinical 
and screening populations which ranged in number from lJB to 
28J), The majority of the studies had school age populations. 
(Table 9) 
17, 
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Tribe ( si;__\d.W 
Sioux (Wick & Crane) 
Eastern Pueblo (Levy & Wall) 
Zuni (Heard et al) 
Northern Indians (Mor(;an & Munro) 
Northern !':skimos (Morgan & Munro) 
Saskatchewan (Lyle et al) 
Brantford (Lyle et al) 
Sioux (Boniuk) 
Belcher Island Eskimos 
(Woodruff/Samek) 
Lame Deer 
(Hamilton) 
Navajo (Abraham & Volovick) 
Washington Indians 
(Larson & Cheslock) 
Population 
Screenings; Grades 1-51 178 
males & 198 females 
18, 
Clinical; Ages 6 to greater than 
20; 130 males, 180 females 
Screening; Ki.ndergarden through 
12th grade; 420 subjects 
Screening; 631 in astigmatism 
study; 844 in myopia study 
Screening; 20i.f2 in Astigmatism 
study; 28JJ in myopia study 
Screening; 7 to 14; Not urbanized 
230 subjects 
Screening; ages 11 to 151 
Urbanized, 191 subjects 
Clinical; 951 subjects records 
used; 502 ages 4 to 19; 536 females 
Clinical; 138 out of population 
of 180 
Screening; 499 subjects; pre-
school through 12th grade 
Clinical; pre-school through 
12th grade; 462 in sphere study1 
520 in astigmatic study 
Clinical; 130 males and 215 
.females 
TABLE 9 Comparisons of studies on refractive statis' 
of different populations 
Spherica_l Refractive Error. The mean spherical refractive error 
for most of the previous studies show hyperopic means. This is 
because the populations are mainly school age children. They do, 
however, show a shift towards myopia with age .• 
l Heard et al found a mean of +0,87 diopters for their kinder-! ' 
I garten to sixth grade group and a mean af -o. 62 diopters for the § 
\ l seventh to twelf·lh grade group. Even with this 1.50 diopter 
I 
l 
shift towards myopia, the mean ll.f the total school age population 
examined was between plano and +0. 62 diopters, 7 'rhe mean 
retinoscopic spherical error for the Sioux Indian children screen-
ed by Wick and Crane was +0.72 diopters. 8 
Through all age groups Levy and Wall found that the average 
base spherical correction of the American Pueblo Indians varied 
from plano to -1.00 diopters.9 An exception to most other studies, 
which shows a strong tendency towards myopia, is the Belcher Island 
Eskimo population, A mean of +0.53 diopters sphere and a standard 
deviation of ±o.84 diopters was derived by Woodruff and Samek for 
. . 10 the Eskimo population. 
The Washington Indian population has a more myopic average 
spherical error than the previous studies, The mean spherical 
refraction was -0.41 diopters, with age group means ranging from 
+0,70 diopters to -1,92 diopters. 
The shift towards myopia in school age children is exhibited 
in the Washington Indian population as well. The 0-9 age group 
has a mean spherical refractive error of +0,52 diopters and the 
10-19 age group has a mean spherical refractive error of -o.47 
diopters, reflective of the myopic shift. 
Myopia, Similar trends exist for myopia but at lower pre-
valence and amount than previous studies. 
A total of 2J.7% of the Belcher Island Eskimos examined by 
Woodruff and Samek had myopic refractive error. In addition, 
6 8% . d' t . 11 1 . • of the popula t1on were 1. 00 iop ers or less myopic. 
In their study of Northern Canadian Indians and Eskimos, Morgan 
and Munro determined a simularity of moderate myopia (plano to 
12 
-5.00 diopters). According to Boniuk the most prevalent 
refractive error in the Sioux Indian population of Northwestern 
19, 
I: 
' 
20. 
Ontario was myopia in the range of -1,00 diopters to -5.00 diopters. 
Severe myopia was not a major factor in any of the previous studies. 1J 
In Hamilton's Lame Deer study, 27.9% of the children were 
myopia referrals. An increase in myopia from 0% in the first grade 
to 61.5% was noted for the Indian population,14 Abraham and Volovick 
projected that close to 50% of all Navajo children between the ages 
f f ,. d t 1 . 15 o ive an we ve are myopic. 
A total of 40.1% of the Washington Indian population was 
found to be myopic, Myopes of low correction (less than 1.00 
diopters) constituted 11.1% of the total population. Severe myopia, 
over 5.00 diopters, was infrequent accounting for only 2.4% of 
the entire population, 
This study indicates 24,J% of the children have myopia in 
amounts that would warrant referral in a screening situation, The 
increase in myopia from grade school age children to older school 
age children was fr.om 12,5% in the younger group to 40.2% in the 
older group, 
Hyperopia. As with previous studies, a lower percentage of 
hyperopes than myopes are found in the Washington Indian population. 
An exception to the overall populations which show a strong 
tendency towards myopia, is the Belcher Island Eskimo population. 
in this group of northern natives, J2.7% were hyperopic and only 
% . 16 2J,7o were myopic. 
As in the majority of studies, the percentage of hyperopes 
in the Washington Indian population was lower than the percentage 
of myopes with hyperopes composing 28.9% of the overall population. 
Corneal and Refractive Astigmatism. The Washington Indian 
population exhibits a higher prevalence but in lower amounts of 
astigmatism. 
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Prevalence1 
The only information available about the prevalence of corneal 
astigmatism comes from the Belcher Island Eskimo study, Just 
16,8% of the Eski.mo population had corneal astigmatism greater than 
0,50 diopters, In addition, only 1.4% of the Eskimo population 
had corneal astigmatism greater than 2.00 diopters.17 One must note, 
however, that in most other aspects of visual status the Belcher 
Island Eskimos have been the exception rather than the rule, 
Morgan and Munro found a marked difference in the prevalence 
of refractive astigmatism between Northern Indians and Eskimos of 
all ages. In the Ssk.imo population 61.6% had no astigmatism 
while 25.5% of the Indian population had no astigmatism. The 
difference between the stigmatic groups was mainly due to the 
differences between the mild/moderate groups. In this category the 
Eskimos exhibited a J5.2% prevalence and the Indians 70,7%,18 
21, 
In her study of Sioux Indian children Boniuk discovered the per-
centage of astigmatic refractive errors to be high. The percentages 
of astigmatism 1.00 diopters or greater 
closely to the J2.9% found in Hamilton's 
was )J,2%, which 
19,20 
study, 
compares 
The prevalence of corneal astigmatism i.n the Washington 
Indians (81,5%) is quite different from that of the Belcher Island 
Eskimos, 'l'his is expected considering the differences exhibited 
in other comparisons between Indians and Eskimos, 
The prevalence of refractive astigmatism in this study (6Lf,8%), 
correlates closely with other Indian populations, 'rhis differs 
from the prevalence of refractive astigmatism i.n the Northern 
Eskimos, A lower percentage of Washington Indian children (19,0%), 
had 1,0 diopter or greater refractive astigmatism. 
Amount1 
All previous studies which dealth with mean corneal 
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astigmatism and refractive astigmatism values involved school 
age Indian children, Lyle Grosvenor and Dean found a mean corneal 
astigmatism of 1.39 diopters for the Northern Saskatchewan and 
Brantford Indian children combined, 21 Sioux Indian children had 
an average corneal astigmatism of 1.51 diopters.22 Mean corneal 
astigmatism values of greater than 2,00 diopters were found by 
Heard et al (x = 2,21) and !Vlohindra (x = 2.1-1-3) for Zuni Indian 
. 23,21, 
children. 
The mean retinoscopic astigmatism for the Sioux Indian 
children of Wick and Crane's work was 1. 07 diopters, 2.5 Heard 
et al found a median refractive astigmatism of approximately 
d . f h . . . 26 1,0 iopters or t e Zuni Indian children. 
Lower amounts of both corneal and refractive astigmatism 
were found for the school age Washington Indians. The average 
corneal cylinder of these children (,90 diopters) was noticeably 
different from previous studies and the average refractive astigm-
atism of ,56 diopters was almost half the amount of previous 
studies, 
Age I 
Earlier works show about 0.25 diopters to 0,50 diopters of 
corneal cylinder change with aging. The prevalence of astigmatism 
among Navajo children studied by Abraham and Volovick is about 
normal for the average population but seems to be present in 
higher degrees in younger children. The Navajo's of high school 
age showed a higher percentage of incidence but of lower average 
corneal astigmatism, 27 This is substantiated by Heard et a1 1 s 
observations of the trends of astigmatism amounts with age, They 
noted a moderate increase in corneal astigmatism between grades 
22, 
4-6 and kindergarten to 3 (k-3 = 2,35 diopters, i+-6 = 2.4 diopters). 
I 
I 
I 
Beyond grade 6 the mean corneal astigmatism decreased to 2,12 
diopters in the 7-9 grade group and 2,05 diopters in the 10-12 
grade group.28 Lyle with results similar to those obtained in 
earlier papers found differences do to age to be significant at 
the .05 leve1.29 
As with corneal astigmatism, refractive astigmatism appears 
to decrease in am0unt and increase in prevalence with age in 
23, 
school children. Heard et a], found.a decrease in mean refr<\ctive 
astigmatism from 2,00 diqpters in the kindergarten to sixth grade 
group to a more moderate 1.50 diopters in the seventh through twelfth 
JO graders. . Two diopters or more correctable refractive astigmatism 
was found in 45% of all second grade Navajo children examined by 
Abraham and VoloviCk. Only 17.0% of sixth graders and 9.0% of the 
twelfth graders had 2,00 diopters or more refractive astigmatism. 31 
In observing the relationships between age and astigmatism Hamilton 
found that the percentage of Indian children with astigmatism 
increased with age from 27.7% in pre-kindergarten to J4.6% in 
grade twelve .32 Morgan and Munro found no marked difference in 
refractive astigmatism due to age in their Indian and Eskimo 
JJ 
populations. 
Comparisons between the corneal and refractive astigmatism 
found in younger Washington Indian children and older Washington 
Indian children show relationships similar to those found in 
other studies. The 0-9 group had a larger average amount of 
corneal and refractive astigmatism (x corneal = 1,00 diopters, 
x refractive = 0.71 diopters) than the 10-19 age group (x corneal 
= 0.87 diopters, I refractive= 0,52 diopters). Also, as in other 
studies, the prevalence of corneal astigmatism increased with 
age. The 0-9 age group had 74% of its population with 0,5 diopters 
'i 
' 
I 
__ j 
or more corneal astigmatism and the 10-19 age group had 81% of 
its population with 0.50 diopters or more corneal astigmatism, 
However, the prevalence of refractive astigmatism does not increase 
with age; 62.5% of the 0-9 age group had refractive astigmatism of 
0.50 diopters or more, 51.7% of the 10-19 age group had refractive 
astigmatism of 0.50 diopters or more, 
The age group averages for corneal and refractive astigmatism 
varied little from their total population means, with one except-
ion, The 30-39 age group was affected by three patients with 5,00 
diopters or greater astigmatism, 
Sex: 
Most previous studies found no difference in the prevalence 
of corneal and refractive astigmatism due to sex, Some differences 
were found, however, in the amount of astigmatism by sex. Lyle et 
al found that the Indian females had higher average corneal astig-
matism than the Indian males, the females averaging 1.43 diopters, 
the males averaging 1.34 diopters. This difference was found to 
be significant at the .05 leve1.34 Wick and Crane found the mean 
corneal and refractive astigmatism of males and females to be sig-
nificantly different at the ,OJ and ,02 levels respectively (mean 
corneal astigmatism: females "' 1, 63 D. , males " 1, 39 D, ; mean 
35 
refractive astigmatism: females= 1,20 D., males= 0.90 D,), 
Contrary to the above studies, the Washington Indians show no 
significant difference in the amount of corneal or refractive 
astigmatism by sex, even at the ,05 level. The average male astig-
matism was greater than the average female astigmatism in both 
corneal and refractive amounts. The males averaged 1,06 diopters 
of corneal astigmatism and 0,77 diopters of refractive astigmatism, 
the females averaged 0,95 diopters of corneal astigmatism and 
24, 
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0.67 diopters of refractive astigmatism. 25, 
Visual Acuity. Corrected visual acuity was better within 
the Washington Indian Population than in previous studies. 
Wick and Crane's study of Sioux Indian children found lower 
visual acuities than expected, most likely due to the higher amounts 
J6 
of astigmatism, Although Levy and Wall did not publish complete 
visual acuity results, they did note that a total of seven patients 
had less than 20/200 acuity with best correction. 37 According to 
Boniuk much of the Sioux Indian populatio·n did not obtain a visual 
acuity of 20/40 or better through the objective refraction, She 
felt that this was due mainly to cultural and language barriers. 
Contrary to the above, the Belcher Island Eskimos had 20/JO or 
better acuity in 79,6% of the cases, Females tended to have poorer 
visual acuities than males, 38 With the exception of the Belcher 
Island Eskimos, acuity levels were slightly lower than expected, 
The majority of the subjects had good functional acuity, but the 
best corrections did not improve acuity to the levels anticipated. 
The acuity levels of the Washington Indians resembled the 
Belcher Island population, having 81,7% of the population with a 
habitual acuity level of 20/JO or better, With corrective lenses 
95,0% of the total population reached the 20/JO level or better, 
The habitual acuities were not largely affected by age until 60 
years and older, with acuity dropping drastically in the 70 years 
and older group, 
Pathology. The prevalence of pathology in the Washington 
Indian population does not differ considerably from the previous 
Indian studies, 
Wick and Crane detected pathology in 7.J% of the Sioux popu-
lation compared to a J,8% average for Caucasians. Blepharitis and 
39 
conjunctivitis were the most common ocular pathologies in the tribe, 
Some form of ocular pathology·was noted in 22,8% of the Canadian 
Siuox population. Pterygium was the most prevalent pathology 
Jj.Q 
followed by cataracts. Fifty-two pathological conditions were 
detected by Woodruff and Samek, with some individuals exhibiting 
multiple pathologies. Out of' the 52 pathological conditions detected 
38 needed no treatment, Thus 10,1% of the total population required 
treatment.'•!. These studies agree that pathology is more common in 
Indian populations than in Caucasian populations, 
'rhe Washington Indians examined exhibited the same amounts 
of pathology as the previously studied tribes, Pathological 
conditions were found in 31,6% of the population and several had 
multiple pathologies, Referral of patients for pathological con-
ditions involved 10.7% of the population examined. Cataracts were 
the most commonly observed pathology, 
Strabismus, The Washington Indian population exhibited 
a considerably lower prevalence of strabismus than previous studies, 
The presence of strabismus was noted in two previous studies, 
Boniuk reported the presence of tropias in 4.0% of the Indian popu-
J.f2 
lation, The Belcher Island Eskimos study reported that 6,5% 
l+J 
were strbismic, 
Strabismus was found in only 1.2% of the Washington Indians, 
Esotropia was found in 75.0% of all strabismic patients, exotropia 
comprised the remaining 25,0% of the strabismic patients. 
Presbyopia, The prevalence of presbyopia for the Washington 
Indian population agrees with one of the two previous Indian 
studies for presbyopia, while disagreeing with the other. 
Presbyopia of· some degree was found in 95,5% of the Canadian Sioux 
if 
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over age 40 studied by Boniuk. Woodruff and Samek found that 
29.1% of the Belcher Island Eskimos over 40 years old were presby-
. 45 
opic . The percentage of subjects over age 40 f ound to be presby-
opic varies greatly between the two studies. 
Our study more closely resembles the results found by Boniuk. 
Exactly 92.0% of the Washington Indians over 40 years old were 
presbyopic. As expected, the percentage of subjects with presbyopia 
increased with age, starting with 2.2% of the JO-J9 age group. By 
age sixty all patients were presbyopic. 
Amblyopia. A lower prevalence of amblyopia was noted for 
the Washington Indian population than a previous Indian study. 
Levy and Wall uncovered JO cases of ambloyopia exanopsia in 
their study. In the 6-12 age group, 10.7% were amblyopic; in the 
46 
12-20 age group, J.7%: and in the over 20 age group, 8.J%. 
Amblyopia was not nearly as prevalent in the Washington Indians 
as shown in the Levy and Wall study. Only two patients (0.6%) were 
amblyopic. 
Phorias. Washington Indian children were less exophoric 
at far and near than the previous Indian study. 
Wick and Crane found an average distance phoria of 1 ·.44 prism 
diopters of exophoria in their study . of Sioux ·Indian children. The 
same population had an average near phoria of 4.28 prism · diopters 
47 
of exophoria. 
The Washington Indian children showed average phorias of less 
divergence. At far the average phoria was 0.12 prism diopters of 
exophoria and at near (40 cm.) the average phoria was J.57 prism 
diopters of exophoria. 
.i 
i 
28, 
CONCLUSIONS 
The Washington Indian population tends to be slightly myopic 
as are most of the other Indian populations, The school age children 
tended to be more myopic than other studies, The prevalence of 
myopia is lower in the Washington Indian population than other Indian 
populations and appears to be lower than the general U.S. population, 
The prevalence of hyperopia tended to be higher than either 
the other Indian populations or the general U.S. population. 
This study supports the previous Indian studies,when comparing 
the prevalence of astigmatism in in Indian populations and the gen-
eral U.S. population. The Washington Indians have a prevalence of 
astigmatism similar to other Indian populations and noticably higher 
than the general. U.S. population. Though the prevalence of astigma-
tism is similar between the Washington Indiarui and other Indian 
populations, the Washington Indians have a lower average amount of 
astigmatism, 
All Indian populations, including the Washington Indians, have 
a higher prevalence of ocular pathology than the U.S. population. 
Acuity levels are approximately the same for all populations 
with functional vision as the criteria. Washington Indians and the 
U.S. population are able to achieve maximum acuities of 20/JO or 
better more frequently than other Indian populations, however. 
Due to a lack of substantial information no definite conclusions 
can be drawn for the prevalence of presbyopia, amblyopia or strabismus. 
Even with the addition of this study to the information bank 
there are still many areas which need to be explored before any 
final conclusions can be made about the visual status and needs 
for care of Indian groups, Further studies involving cross-sections 
of complete Indian populations need to be completed, Many studies 
have been done on Indian children, but not on Indian adults, 
It is difficult to compare this study to most of the studies 
of the general U.S. population due to differences in type of 
population and methods of information gathering. Therefore. a 
similar study involving a general population of clinic patients 
would be valuable for comparison to the Washington Indian popu-
la ti on. 
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A P P E N D I X A 
This section contains the forms which 
were used during information gathering 1 
patient release form, standardized recording 
form, and computer processing form. 
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TO: 
OCl'/\HTMl·_NT OF 
HEALTH, EDUCATION, /'.NU Wt:UAllL 
PUULIC IH::AL.IH srnv1cc:: 
APPENDIX A-1 
AUTHOHIZATION FOH DISCLOSURE OF INF0f1MATION 
U'ur~111111l /n 1111• /'rU'<H"V ,Id <if /'1/-/ /'11i1/1c /.1111· '' l ,',/'/) 
0 U.S. PUBLIC HEALTH SERVICE HOSPITAL 
DIRECTOR 
MEDICAL OFFICER IN CHARGE 
Iii U.S. PUBLIC HEAL TH SERVICE OUTPATIENT CLINIC 
CJ U.S. PUBLIC HEAL TH SEHVICE HEAL TH UNIT 
0 CONTRACT PHYSICIAN 0 OTHER (Specif)•) 
ADDRESS Indian Health Service 
Colville Indian Health Center 
. _ -·----· Ne<;pelem,_ \'(ls_hi[1gton 99155 
Y~u are hereby ~~th~rized to lurnisll information lrorn my record in thu me.dic.al. ______ . ___________ record svs1r;orn of your f11cility 10: 
(rrint or type) (indicate fl.'n1rd ~y.1·tl'111} 
------------------------,---------------
NAME OF APl'LICANT ll'rillt or {y/JI') PC:::RIOD OF TIME l\UTHOHIZ/\TION COVEns 
Fron1: To: 
---------------------~-------- ----- - -- -· --·-------- .. ·---·--------· . 
If' INFORMATION IS FROM A MEDICAL RECORD, INDICATE WHC:::THER TREATMENT WAS AS I\ 
\J SEAMAN 
: Ml'LOY ER (S/!t'Ci(y} 
[] COAST GUARDSMAN 
Eligible 
Not applicable 
rt.EA';!- SUPPLY LNFOAMATION ADEQUATE FOR: 
0 COMPENSATION CLAIMIS) 
0 INSURANCE CLAIM ISi 
[] FURTHER MEDICAL CARE 
O"THt_H !Nf"OHMATION 
I consent to the following: 
[_-) FEDERAL EMPLOYEE 
Indian Health Service 
£1 OTHER (S1wcif1·) 
Beneficiary 
LJ SHIPPING COMPANY REPORT!Sl 
[J ATTORNEY 
:tx OTHER (Si•<'<<I•'i Research Project 
The above named person may review niy medical record for information concerning 
my medical history, examinations, and diagnostic tests that would be of value 
in research relating to eye conditions and diseases. However, I understand 
that the information obtained in this review will be used or displayed in the 
form of statistics only and that I will not be personally identified by name or 
any othe1' method. Fut'then,i:l understand that my refusal to sign this consent 
will not jeopardize or limit any benefits that I am otherwise elgible to recieve. 
Au.\ /1<T.~011 wilo /,• nvwi1111I;.· .111d wlll(u/ly r~_·q 111•11111 or ob fui11.t1 c111y rrl'on1 collCf'r11/r111 011 /11di1•idrw/ (I r1111 u11 u111'tH'y u111l1•r (ul111• 11ri•l<•n1w' ~lull/ fl(• llllilty 
1!.J. .. ~1_.~'!_~_1_'_1.~1~1_1_1_!!:_'!.}~~-!l!_1_~'!!-~!!t more llla11 $5,000, (li USG' 552a(j)(21. _ -··-----·· -------~-----------
SIGNATURE OF APPLICANT If' OTHE'.H THAN SUBJECT, INDICATE BELATIONSHIP on 
AUTHORITY 
'---,---i_ ___________ .. __________ _ 
<\ n () n I !i~i () F I\ f'PLIC ANT (Street 11/ltl 1111111/it'r, city, Stu ft', {//Id ;:!jp l'otlc) 
'· 
'' 
: I 
i 
!' 
---------------------------------------"~-------------------------------------------APPEND IX A 2 
CASE NUMBER ________ AGE _____ Si:X ____ ,_TRIBE ______ _ 
CLINICIAN OB<ERVATIONS _______________________ _ 
PATHOLOGY? .YES NO _ __.ICDA lf ____ __.REFERRED? YES. _ __.No __ 
IF REFERRED, TO WHOM? ________________________ _ 
. 1 ·• · LOW VISION REFERRAL? YES NO OTHER REFERRALS? YES NO 
·--- --· ·--- ·--
'~-. '. 
I . 
I 
' 
IF REFERRED FOR REASONS OTHER THAN ABOVE, TO WHOM? ____________ _ 
, THERAPY1 RX-OD _______ _ 
OTHER THERAPY ____ _ 
VT-YES __ NO _ _.IF YES, CHECK TYFE1 
__ GENERAL BINOCUIAR DYSFUNCTION 
__STRABISMUS 
_ _...AMBLYOPIA 
__ O.TllER (DESCRIBE) ______ _ 
-------------------------------------------------------------------------------
ENmANCE ACUITIES K's OD @\ L lili f\'.' 
OD FAR OS 11') L @ - i .~-: 
-,-,-
#4' OD .. f NEAR 
\" 
OS FAR :'''" OS 
NEAR n OD 
OU FAR OS ·'· 
rna OD 
· ... 
NEAR 
FINAL RX ACUITIES OS 
e 
OD FAR 11'8 !1'1Jb 
•>· ' 
NEAR • #'14b OD 
O~ FAR 
;1,5b 
OS 
NEAR PREdBYOPI.{l? YES NO 
-···· 
OU FAR POWER OF ADD? OD OS 
l,.,..., • ""' 
I 
'i 
•-: 
I 
I' 
I 
1: 
I, 
i 
I' 
r,1 
I' 11 ,,
111 
'i1 
~\ 
VJ 
z 
0 
f:: (.) 
w 
0:: 
0 
32 
~3 
34 
"' c 
0 
·;:; 
"' a.> 
::J 
0 
N 
0 
z 
... 
c 
a.> 
"O 
::J 
... 
Cf) 
.... 
0 
LL 
0 
APPENDIX A-3 
2 
3 
4 
5 
6 
7 
8 
---~~-~----"~·~c·~--.-~ 
* A * • 8 * * C * .,,_- * E * • F * 
•A* ~ •c .. ~o· •i:;:• •F• 
«A- B* •c • * D* * E* *F* 
•I 
w 
~ 
<( 
z 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
41 
48 
49 
50 
0 
*A* * B* *C* '* 0* * E* *F * *G* * H * ....... *J * 
•A• •a• * C" •o• *E• *F* •G• •H * • I . ....... 
*A'* *B* •c• •o• *E* * F• *G * '*H* ..... *J* 
+A• *8" *C* *0" •E• *F* *Cl* • H* • l + ......-
* A * • B * '1111!-l" -. D * * E * * F * * G* * H * * I * • J * 
•A* *B* •c• •o• *E• *F* *G " "H* •t .. .... 
* A* •s:t- *C * * O* *E* *F * * G * *H * ...- *J * 
* A* •13• *C * * D* * E * * F * *G* * H "* ..- *J * 
.......- * 8* * C * *D* * E * *F * *G* * H* *I * • J * 
•A* •a• •c• •o• *E* *F ~ " G* *H * .,... *J• 
* A* * 8* *C* •o• • E• *F * *G * * H* * I * ....., 
"'A * *B * *C * *0* *E* *F * * G * * H * * I * 
* A * •a • -c · *D * * E* * F* * G* '* H* * I * ~ 
* A* * B* *C* *D"' * E • *F * *G* * H* * I* ~ 
*A* * 8 * *C * '* D ' * E'* *F * *G '* * H * * I* 
*A* *B * '*C* "0 * * E* *F * * G * * H * * I * 1'11tJ P" 
* A'* * B '* * C * '*O* * E* * F * * G* *H* '*I * ~ 
* A * *8* * C * *D* *E* *F• *G* * H* * I• ~ 
* A* *B'* *C* * 0* "'E * * F'* '*G * * H * * I * ...,..... 
*A'* * B* *\ * *D * ~ * F * *G* *H * • I* •J • 
* A * *B* *C" *D* *~ "F * " G A '*" H " *I . *J * 
* A* *B* * C * •o • -A E * * F * *G* .... *I* * J '* 
* A " * B* * C * *D * * E* * F * *G "' * H * *I * ~ 
"A* *B* .....,. *O'" *E'" *F * *G• •H• ~ I '* •J * 
* A * * B * ~ *D • '* E * * F * *G " * H * * I * *J * 
*A* '*B" ~  •o• *E • *F * *G* *H* *I* •J '* 
*A* * 8 * ~ * D* *E * • F * * G* * H * * I * '* J * 
•A* *B* ...,.. •p• *E* ·~ · *G* *H"* *I• *J" 
*A• '* B* ... * D• *E* "* F * •G • * H '* * I • • J * 
*A* * B* * C* *D • *E * *F* *G * *H* *I * ...,.-.. 
cl'. 
w 
a: 
cl'. 
Cl) 
::c 
..... 
z 
~ 
a: 
cl'. 
~ 
..... 
0 
z 
0 
0 
w 
Cl) 
cl'. 
w 
...J 
0.. 
... 
c 
a.> • 
"O 0 
:::i Z 
cl> 
~I • .OS.. .. Q) * • ,.... .. l.O • • Ml* * ..,._ ...... • N • ... r1• - OJt: 
~' * O\* *CO* * ,...... . * \D• '* 11'1• * ~ * M* * t:\I* * n * ~ 
~I ~ .... - -
-1 
-
A P P E N D I X B 
The following data is a reduction of 
gross data from the information processed 
by the computer, This processed data, which 
included both left and right eye data, was 
reduced to right eye data only. Data was 
further reduced by combining the data from 
all three reservations into a single pop-
ulation called the Washington Indian pop-
ulation. this reduced data can be found in 
the following pages, 
~1 
i 
f 
.·; 
Males Females Total 
-6.o 
-5.0 
-4.o 
-3.0 
-2.5 
-2.0 
-1.5 
2 
3 
3 
5 
3 
3 
5 
-1. 0 10 
-0.5 16 
plano 45 
+O, 5 10 
+1.0 7 
+1. 5 3 
+2.0 0 
+2.5 1 
+3,0 6 
+4.o o 
+5.0 1 
+6.o 1 
6 
5 
6 
13 
3 
6 
9 
14 
21 
58 
24 
13 
11 
5 
7 
4 
1 
1 
1 
8 
8 
9 
18 
6 
9 
14 
24 
37 
103 
34 
20 
14 
5 
8 
10 
1 
2 
2 
APPENDIX B-la 
#7a spherical component 
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70 ~ up 
0 
0 
0 
0 
0 
0 
0 
1 
2 
11 
6 
1 
1 
0 
0 
1 
0 
0 
1 
0 
0 
4 
4 
2 
2 
4 
10 
9 
37 
8 
3 
2 
1 
0 
0 
0 
1 
0 
3 
5 
1 
5 
2 
3 
2 
5 
7 
18 
2 
1 
0 
0 
0 
1 
0 
0 
0 
1 
1 
1 
4 
1 
3 
3 
2 
7 
9 
6 
2 
1 
0 
0 
2 
0 
1 
0 
1 
1 
2 
5 
1 
1 
1 
3 
6 
14 
3 
2 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
2 
2 
7 
6 
5 
6 
0 
4 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
2 
0 
2 
) 
3 
4 
2 
3 
4 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
2 
4 
0 
2 
2 
1 
0 
4 
1 
0 
1 
minus 4o.J% 39,9% 40.1% 12.5% 40.2% 60.0% 52.3% 51.2% 17,6% 23,1% 28.6% 
plano 36.3% 27.9% 31.0% lj.,S.8% 42.5% 92.1!% zo.4-% J4r.t% ?0.6% 1!~ • .6% 12.0% 
plus 23.4% 32,2% 28.9% IH,7% 17.3% 7,3% 27.3% 14.7% 61,8% 65.4% 52.4% 
mean ~o.~o -o.41 -o.41 +0,52 -o.47 -1.45 -o.64 -1.92 +0,49 +0.52 +0,70 
(D • ) 
N 124 208 332 24 87 55 44 41 )4 26 21 
! 
,, APPENDIX B-2a 
' 
I 
' 
#7a cylindrical component 
Males Females Total 0-2 10-12 20-22 J0-32 40-IJ.2 20-22 60-Q2 zo & up I 
Ii f~~, ~, •' ., ,>.•. /-$' • 
0 41 )lr 'J .. i-r · 9 42 18 12 13 14 5 4 I! 
0,5 47 70 117 9 30 20 13 20 10 10 5 
' 
' 
'1 
47 
1, 
1. 0 12 35 2 5 11 5 4 6 8 6 11 
J.. 5 8 11 19 1 4 3 5 1 2 1 2 
2,0 6 4 10 0 2 1 2 0 1 0 4 '! 
2.5 5 2 7 2 1 0 2 1 0 1 0 
3,0 1 1 2 0 0 1 0 0 1 0 0 
3,5 0 3 3 0 0 1 1 0 0 1 0 ' ' i 
4.o 1 3 4 1 2 0 1 0 0 0 0 
4.5 0 1 1 0 1 0 0 0 0 0 0 
5,0 2 2 4 0 0 0 2 2 0 0 0 
5,5 0 0 0 0 0 0 0 0 0 0 0 
6.o 1 0 1 0 0 0 1 0 0 0 0 
&up 
0-.99 71.0% 70.2% 70,5% 75,0% 82,8% 69.1% 56.8% B0.5% 70.6% 57,8% 42.9% 
1.00- 16.1% 22,1% 19.9% 12.5% 10.4% 25.5% 22.7% 12,2% 23.5% 34.6% 38.1% 
1,99 
2.00- 9,7% 3.4% 5.7% 8.3% 3.4% 3.6% 9.1% 2.4% 5,9% 3.8% 0.0% 
3,00 
~bove }.2% 4.3% 3,9% 4.2% 3.4% 1.8% 11.4% 4.9% 0,0% 3,8% 0.0% 
3,00 
mean 
-0.77 -0.67 -0.71 -0.71 -0.52 -0.62 -1.19 -o.68 -0.56 -0.79 -0.93 
(D • ) 
N 12!!- 208 332 24 87 55 44 41 34 26 21 
APPENDIX B-2b 
Cylindrical component of corrective lenses 
Total 0-2 10-12 20-22 JO-J2 lta-42 50-52 60-62 70 & up 
Cylinder 202 7 39 33 31 28 21 24 19 
Rx 2 Spherical 62 2 13 14 7 11 11 2 
Rx 
Cylinder 76.5% 78.0% 75.0% 70.2% 81.6% 71.8% 66,0% 92.0% 90.0% 
Rx(%) 
-
-- --~-------·-· 
APPENDIX: B-) r. 
' ' Corneal Cylinder 
Males Females Total 0-9 10-19 20-29 1.Q.::12. 40-42 50-52 60-62 70 & up 
... 0 18 38 56 7 15 6 4 10 7 6 1 i I 
I 
0.5 )6 60 96 7 30 15 8 11 9 9 7 I I 
' 
I 
1. 0 JO 43 73 4 21 10 16 9 7 4 2 
1.5 13 23 36 4 5 15 4 1 4 0 3 
2.0 5 13 18 3 4 4 4 2 1 0 0 
2.5 3 1 4 0 2 0 1 1 0 0 0 
3,0 1 2 3 1 1 0 0 0 0 1 0 
3,5 1 3 4 1 2 0 0 0 1 0 0 
4.o 4 ' 3 7 0 1 2 J 1 0 0 0 , I 
4.5 0 0 0 0 0 0 0 0 0 0 0 
5.0 1 1 2 0 0 0 1 1 0 0 0 
5,5 1 1 2 0 0 0 1 0 0 1 0 
6.o 1 0 1 0 0 0 1 0 0 0 0 
&up 
0-.99 47.8% 51.2% 50.3% 58.3% 55.6% 40.4% 27.9% 58.3% 55.3% 71.4% 61.5% 
1.00-38.1% )4.9% 36,1% 33.J% J2.1% 48,1% 46.5% 27.8% 37,9% 19.0% )8,5% 
1.99 
2.00- 8.0% 8.5% 8.3% 14.8% 8.6% 7,7% 11.7% 8.3% 3.4% 4.8% 0.0% 3,00 
above 6.1% 4.7% 5,3% 3,6% 3,7% 3,8% lJ.9% 5.6% J.4% Lf,8% 0.0% 
3,00 
mean 
(D • ) 
-1. 06 -0.95 -0,99 -1.00 -0.87 -1.08 -1,51 -o.88 -0.79 -0.81 -0,77 
N 113 189 302 27 81 52 4J J6 29 21 lJ 
, 
I 
APPENDIX B-5a 
.I 
Habitual visual acuity at far ii 
!\".ales Females Total 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70 & up :! 
·1 
20/30 
and 112 170 282 31 70 45 39 38 31 19 9 
above 
20/40 ii 
to 9 26 35 2 7 3 3 2 2 5 11 
20/60 
20/70 
or 9 19 28 0 9 7 2 1 2 3 
below 
20/30 
86.2% and 79.1% 81.7% 93,9% 81,4% 81,8% 84,8% 90,6% 91,2% 73.0% 39.1% 
above 
20/40 
6.9% 6.1% to 12 .1% 10.1% 8 .1% 5,5% 6.5% 4.7% 5.9% 19.2% 47.8% 
20/60 
20/70 
6.9% or 8,8% 8,2% 0.0% 10.5% 12.7% 8.7% 4.7% 2.9% 7.8% 13.1% 
below 
N 1;w 215 345 33 86 55 46 42 34 26 23 
APPENDIX B-5b 
Habitual visual acuity at near 
Males Females Total 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70 & up 
20/30 
174 and 113 287 31 84 52 42 31 22 18 7 
above 
20/40 
14 to 31 42 2 2 3 3 8 10 4 13 
20/60 
20/70 
or 3 10 13 0 0 0 1 3 2 4 3 
below 
20/30 
86,9% 80.9% 83,2% 93.9% 97.7% 94,6% 91.3% 73,8% 64.7% 69.2% 30.4% and 
above 
20/40 
6 .1% 5.4% 6.5% 19.0% 29.4% 15.4% 56.5% to 10,8% 14.4% 12.1% 2.3% 
20/60 
20/70 2.3% 4.7% 3,7% 0.0% 0.0% o.6% 2,2% 7.2% 5.9% 15.4% 13 .1% or 
below 
,J 

-P""'~===~-- --o_- -
APPENDIX B-8 
Presbyopia 
Males Females Total 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70 & up 
Yes 116 0 0 0 1 33 33 26 23 
No 229 33 86 55 45 9 1 0 0 
Yes 3'..3.6% 0,0% 0.0% 0.0% 2,2% 78.6% 97.1% 100% 100% 
No 66,4% 100% 100% 100% 97.8% 21.4% 2.9% 0.0% 0.0% 
N=345 
------- ------------~---- ---·------·---·--
·ii 
APPENDIX B-9 
Therapy 
!V:ales Females Total 0-9 10-19 20-29 30-39 40-49 so-59 60-69 70 & up 
New 42 47 89 8 32 14 10 14 9 0 2 
Rx 
Change 27 50 '17 1 4 11 5 16 15 17 8 
Rx 
Replace 14 28 42 0 9 13 10 5 1 2 2 
Rx 
No Rx 14 42 56 0 7 9 13 4 7 7 9 
Change 
No Rx ~~ 48 81 24 34 8 8 3 2 0 2 I Needed 
' . 
New 32.3% 21.9% 25.8% 24.2% 37,2% 25.5% 21.7% 33.3% 26.5% 0.0% 8.7~ 
Rx I 
' 
' 
I 
Change 20,8% 23.3% 22,3% 3.0% 4.7% 20.0% 10.9% 38,1% 44.1% 65.4% 34. er: 
Rx 
Replace 10.8% 13,0% 12.2% 0.0% 10.5% 23.6% 21.7% 11.9% 2.9% 7,7% 8. 7~, 
Rx 
No Rx 10.8% 19.5% 16.2% 0.0% 8.1% 16.4% 28.3% 9.5% 20,6% 26.9% 39 .1r, 
Change 
No Rx 25.3% 22.3% 23.5% 72.8% 39.5% 14.5% 17.4% 7, 1% 5,9% 0.0% 8 I 7~ 
Needed 
N 130 215 345 33 86 55 46 42 34 26 23 
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